Abstract. Increasing evidence has suggested that microRNA (miRNA) may play a role in the pathogenesis of cardiovascular disease, which has led to a greater understanding of the complex pathophysiological processes underlying unstable angina (UA). The present study aimed to investigate changes in the miRNA expression profiles of patients with UA using gene-chip analysis, in order to further elucidate the pathogenesis of UA. Total RNA was extracted and purified from plasma samples collected from patients with UA and healthy controls. The samples underwent microarray analysis using an Exiqon miRCURY LNA™ microRNA Array. Differentially expressed miRNAs were identified by volcano plot filtering, and were validated using reverse transcription-quantitative polymerase chain reaction (RT-qPCR). In addition, functional annotation of the differentially expressed miRNAs involved gene ontology analyses. Among the 212 miRNAs differentially expressed between the two groups, 82 were upregulated and 130 were downregulated. Notably, the results of the RT-qPCR were consistent with the gene-chip results. The miRNAs identified in the present study may be potential novel biomarkers for the prevention and early diagnosis of UA. Furthermore, the results of the present study suggested that UA occurs as a result of complex and dynamic processes regulated by numerous factors, including multiple miRNAs.
Introduction
Coronary artery disease (CHD) is an umbrella term for a group of cardiovascular diseases, including unstable angina (UA) and acute myocardial infarction (MI) (1) . CHD is a leading cause of mortality in developed and certain developing countries (2) . UA, whose prevalence in China has been increasing in male patients over the age of 40, is associated with MI and an increased risk of cardiac-associated mortality (3) . At present, there is an absence of effective therapeutic strategies for UA due to a limited understanding of the molecular mechanisms underlying the disease. Therefore, significant improvements in its diagnosis and treatment may be achieved if the underlying pathogenesis of UA is elucidated.
MicroRNAs (miRNAs) are a group of endogenous non-coding small RNAs that are typically 19-24 nucleotides in length (4) . They have important roles in the post-transcriptional regulation of endogenous gene expression by degrading target mRNAs and inhibiting the translation of target gene transcripts, thereby altering the transcriptome and proteome (5) . miRNAs are able to regulate gene expression at the post-transcriptional level by binding to sequences in the 3'-untranslated regions (3'UTR) of target mRNAs (6, 7) . Complete complementarity with the 3'UTR of the target mRNA typically initiates its degradation, whereas incomplete complementarity may inhibit its translation by the ribosome (8, 9) . It has been reported that ~30% of protein-coding genes are regulated by miRNAs (9) , and miRNAs have been shown to be key regulators of various biological processes, including cell growth, proliferation, differentiation and apoptosis (10) . Furthermore, previous studies have associated miRNAs with the pathogenesis of various human diseases, including a number of malignancies, and miRNA has been shown to serve as a critical biological marker in numerous human diseases. Therefore, the analysis of miRNA expression profiles is important for the elucidation of their roles in the regulation of gene expression in various diseases (11) .
Gene-chips, which are also termed DNA microarrays or biological chips, are highly parallel, high-throughput, miniaturized and automated platforms based on the theory of hybridization (12) . Microarray technology has previously been applied to the elucidation of molecular mechanisms, drug screening and medical diagnostics, and has wide application prospects (13) . In addition, microarrays serve as a global tool   Screening and identification of microRNA involved  in unstable angina using gene-chip analysis   SI LI   1   , YA-NAN SUN   2   , YUN-TAO ZHOU  2 , CHUN-LAI ZHANG  2 , FENG LU   2   , JIA LIU  2 and XIAO-MING SHANG for the identification and characterization of gene expression profiles (14) , due to their ability to analyze the differentially expressed genes of a whole genome in a single experiment (15) .
The present study applied high-throughput gene-chips in the analysis of differentially expressed genes between patients with UA and healthy controls, in order to identify miRNAs involved in the pathogenesis of UA and potential biomarkers. Furthermore, the results of the microarray were independently validated by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Functional annotation of the differentially expressed miRNAs involved gene ontology (GO) analyses. The aim of the present study was to identify potential factors involved in the pathogenesis of UA, as well as critical miRNAs that may serve as potential diagnostic biomarkers.
Materials and methods
Ethics statement. The experimental protocol of the present study was approved by the ethics committee of the Hebei Medical University (Shijiazhuang, China). In addition, the present study was approved by the Institutional Review Board for Human Studies, and written informed consent was obtained from all patients.
Patients and controls. Plasma samples were taken from 175 healthy subjects and 150 patients with UA at the Tangshan Workers' Hospital (Tangshan, China) between January 2012 and June 2013, in order to establish seven plasma pools for the healthy subjects and six pools for the patients with UA. Each plasma pool consisted of 25 cases (100 µl plasma/case). UA patients were eligible to participate in the present study if they met the American College of Cardiology/American Heart Association criteria for UA (16) .
Exiqon miRNA chip. The 6th generation of the miRCURY LNA™ microRNA Array (Exiqon A/S, Vedbaek, Denmark) contains >1,891 capture probes, covering all human, mouse and rat microRNAs annotated in the miRBase 16.0 (http://www. mirbase.org/), as well as all viral miRNAs associated with these species. In addition, the array contains capture probes for 66 novel miRPlus™ human miRNAs. Exiqon gene-chips are able to detect specific hybridization and to perform a rigid statistical analysis in order to reduce the rate of false-positive signals (17) . miRNA isolation. All plasma samples were subjected to RNA extraction. Briefly, total RNA was isolated from the plasma samples using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and an miRNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA), according to the manufacturer's protocols. This RNA extraction step efficiently recovered 90% RNA species, including miRNAs. The concentration and purity of the total RNA samples were assessed by measuring the absorbance at 260, 280 and 230 nm in a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Inc.). RNA integrity was determined by agarose gel electrophoresis (using 1% gels). Briefly, agarose (0.5 g; Zhongshan Jinqiao Biology & Technology Co., Ltd., Beijing, China) was dissolved in electrophoresis buffer (50 ml, Zhongshan Jinqiao Biology & Technology Co., Ltd.), following mixing.
The sample was then added to the wells, and the voltage was adjusted to 100 v, with the RNA electrophoresis from anode to cathode. The gel was dyed for 5 min with EB dyeing liquid (Applygen Technologies Inc. Beijing, China).
cDNA probe preparation. Following RNA isolation from the plasma samples, RNA was labeled using the miRCURY LNA™ microRNA Array Hy3™/Hy5™ Power labeling kit (Exiqon A/S). Briefly, 1 µg of each sample was 3'-labeled with Hy3 fluorescent dye, using the T4 RNA ligase (provided in the kit), according to the following procedure: RNA in 2.0 µl water was combined with 1.0 µl calf intestinal phosphatase buffer (Exiqon A/S), after which the mixture was incubated for 30 min at 37˚C, followed by termination of the reaction by incubating for 5 min at 95˚C. Subsequently, 3.0 µl labeling buffer, 1.5 µl Hy3 and 2.0 µl labeling enzyme (both Beijing Zhongshan Jinqiao Biotechnology Co., Ltd. Beijing, China) were added to the mixture. The labeling reaction was incubated for 1 h at 16˚C, and terminated by incubation for 15 min at 65˚C.
Array hybridization. Following termination of the labeling reaction, the Hy3-labeled samples were hybridized to the miRCURY LNA™ microRNA Array, according to the manufacturer's protocol. Briefly, the total 25 µl mixture consisting of 5 µl Hy3-labeled samples and 20 µl hybridization buffer were denatured for 2 min at 95˚C, incubated on ice for 2 min and then hybridized to the microarray for 16-20 h at 56˚C in a 12-Bay NimbleGen Hybridization System (Roche Diagnostics, Basel, Switzerland), which provides an active mixing action and constant incubation temperature in order to improve hybridization uniformity and enhance signals. Following hybridization, the slides were obtained, washed three times using Wash buffer kit (Roche Diagnostics GmbH, Mannheim, Germany; cat no. 5188-5327) and finally dried by centrifugation for 5 min at 400 x g and 4˚C. Subsequently, the slides were scanned using the Axon GenePix ® 4000B Microarray Scanner (Molecular Devices, LLC, Sunnyvale, CA, USA).
Data analysis. Microarray data analysis was performed using a series of models in the limma package (version 3.22.7; https://bioconductor.org/packages/release/bioc/html/limma. html). Scanned images were then imported into GenePix ® Pro 6.0 Microarray Acquisition and Analysis software (http://axon-genepix-pro.software.informer.com/6.0/) for grid alignment and data extraction. Replicated miRNAs were averaged and miRNAs with intensities ≥30 in all samples were selected for normalization. Data was normalized using the Median normalization method and ComBat software (version 1.1.4; http://www.bu.edu/jlab/wp-assets/ComBat/Download.html) was used to adjust the normalized intensity to eliminate batch effects. Following normalization, significantly differentially expressed miRNAs were identified via volcano plot filtering, with P-value value between single fluorescent chip data group and a fold change value established by Volcano plot using R Software (version 5.50; MathSoft, Windows). Hierarchical clustering was performed using Multiexperiment Viewer software, version 4.6 (http://www.tm4.org/mev.html).
RT-qPCR. RT-qPCR was performed in order to validate the microarray data. RT-qPCR was conducted using the RNA samples used in the microarray analyses. Single-strand cDNA synthesis was performed using a PrimeScript II 1st strand Cdna Synthesis kit (Takara Biotechnology Co., Ltd., Dalian, China), according to the manufacturer's instructions using dNTPs (0.15 µl), enzyme mix (1 µl), primer mix (3 µl), RT buffer (1.5 µl), RNAase inhibitor (0.19 µl), RNase free H 2 O (4.16 µl), RNA (5 µl). Primer sequences targeting specific genes were designed using Primer Express ® software (Applied Biosystems; Thermo Fisher Scientific, Inc.), according to sequences published by GenBank (http://www.ncbi.nlm. nih.gov/genbank/). Primers were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). The primers designed in the present study were as follows: Forward, 5'-CGC GGT ATG GCA CTG GTAGA-3', and reverse, 5'-AGT GCA GGG TCC GAG GTATTC-3' for miRNA-183-5p; forward, 5'-CCG GAA TTC CCT CAA CTC CAC TCG TGTCC-3', and reverse, 5'-ATT GCG GCC GCT GGG ACT GTG ACT CCT ACCTG-3' for miRNA-9-3p; forward, 5'-GGG AGC TGG TGT GTGAAT-3', and reverse, 5'-CAG TGC GTG TCG TGGAGT-3' for miRNA-138-5p; forward, 5'-AAC CUG AUC CCG UCU GAG AUUG-3' , and reverse, 5'-CCG GAU CAA GAU UAG UUC GGUU-3' for miRNA-204-3p; forward, 5'-ACA CTC CAG CTG GGT AAG GCA CGC GGT GAAT-3' , and reverse, 5'-CTC AAC TGG TGT CGTGGA-3' for miRNA-124-3p; and sense, 5'-TCC ACC ACC CTG TTG CTGTA-3' and antisense, 5'-ACC ACA GTC CAT GCC ATCAC-3' for GAPDH. GAPDH was used as an internal control. RT-qPCR was performed on an ABI 7500 Real-Time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.). The cycling conditions were as follows: i) 50˚C for 2 min; ii) 95˚C for 15 min; iii) 40 cycles of 95˚C for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec; and iv) final fluorescence detection at 95˚C for 15 sec. miRNA expression levels were normalized against an endogenous reference gene (GAPDH) and relative to a control. The relative expression levels for each mRNA were determined using the 2 -ΔΔCq method (18 
Results
Sample RNA quality control. The concentration and purity of the RNA was determined using a NanoDrop ND-1000 spectrophotometer. The A260/A280 ratio was >2.0 and the A260/A230 ratio was >1.7. In addition, the integrity of RNA was assessed by denaturing agarose gel electrophoresis. Intact total RNA run on a denaturing gel will exhibit sharp 28S and 18S ribosomal RNA bands, as is shown in Fig. 1 . Therefore, the concentration, purity and integrity of the RNA samples in the present study were suitable for microarray experiments.
Microarray hybridization analysis.
A total of 1,891 miRNAs were detected in each group using the Exiqon gene-chip.
In order to identify miRNAs that were significantly differentially expressed between the two groups, volcano plot filtering was performed. The cut-off threshold for significantly differentially expressed miRNAs was a fold-change ≥2.0 and P<0.05. A total of 212 miRNAs were shown to be differentially expressed between the UA and control groups. Of these, 82 were upregulated (Table I ) and 130 were downregulated (Table II) . Functional annotation using GO analyses suggested that the majority of the differentially expressed miRNAs were associated with cardiovascular development or cholesterol metabolism (Table III) .
RT-qPCR analysis. In order to validate the microarray results, RT-qPCR was performed. A total of 5 miRNAs from the differential gene expression profile were selected to validate the gene-chip results. As is shown in Fig. 2 , RT-qPCR demonstrated the expression levels of these miRNAs were markedly downregulated, which was consistent with the gene-chip results. In addition, statistical analyses identified a conformity between the RT-qPCR analysis and microarray results.
Discussion
The mechanisms underlying UA are currently unknown, and the timely biomarker-based diagnosis of UA remains a major clinical challenge. In order to address this problem, the present study assessed the levels of circulating miRNAs as potential novel biomarkers of UA using gene microarray analysis to compare the expression levels of miRNAs in the plasma of UA patients with those of healthy controls. A total of 212 differentially expressed miRNAs were detected in the present study, of which 82 were upregulated and 130 were downregulated. These results suggested that the progression of UA is a complex process affected by numerous factors and signaling pathways. Notably, downregulated miRNAs were less prevalent, as compared with upregulated miRNAs; suggesting that certain cellular functions may be inhibited and simplified in the process of UA. Due to inherent shortcomings in the microarray technique, including limitations in sensitivity, quantification and location, the present study employed RT-qPCR to validate the gene-chip results. Importantly, the results of the RT-qPCR were consistent with the microarray results. GO analyses are commonly used to assign functions to differentially expressed genes and their downstream target genes (19) . In the present study, a number of the differentially expressed miRNAs were closely associated with cardiovascular development, endothelial cell functions and cholesterol metabolism. Previous studies have suggested that miRNAs are involved in the pathogenesis of various cardiovascular diseases, including MI, heart failure, atherosclerosis and acute coronary syndromes (20, 21) . In addition, miRNAs have been shown to be key regulators of cardiac development, angiogenesis and vascular development (22) . A previous study reported that miRNAs circulated in the blood of patients with cardiovascular diseases in a stable form (23) ; therefore, due to this stability, circulating miRNAs may serve as novel biomarkers for the diagnosis of cardiovascular diseases.
Previous studies have identified the mechanisms underlying the regulation of miRNA expression levels (24) . Of the differentially expressed miRNAs identified in the present study, miRNA-1, miRNA-133 and miRNA-128 have been associated miRNA, microRNA; logFC, log fold-change; AveExpr, average expression; adj. P-val; adjusted P-value. with the development of the cardiovascular system in the embryo (25) . Previous studies reported that miRNA-1 and miRNA-133a were associated with cardiovascular diseases, including CHD, myocardial fibrosis, heart failure and cardiac functional insufficiency (26) (27) (28) , which is consistent with the present results. Furthermore, the upregulation of miRNA-150, miRNA-186 and miRNA-210 in the peripheral blood of patients with MI has been extensively reported (29) . The present study demonstrated that miRNA-19a and miRNA-19b were significantly differentially expressed between the UA and control groups. miRNA-19b has been shown to have an anti-thrombotic role by inhibiting the expression of tissue factors in patients with UA (30) . In addition, a previous study reported that downregulation of miRNA-19a and miRNA-19b expression was involved in age-associated remodelling in the heart (31) . In the present study, the expression levels of miRNA-126b-5p, miRNA-27a-3p and miRNA-26b-5p were increased 4-6 times (P<0.001). miRNA-26 and miRNA-27 are specifically expressed in endothelial cells, and have been shown to participate in the regulation of endothelial cell function (32) . Thus, the results of the present study suggested that circulating miRNAs may serve as candidate molecules for the monitoring of endothelial cell injury in patients with UA. Disorders of cholesterol metabolism are an important risk factor and serve a critical function in the pathological processes of UA disease (33) . The regulation of cholesterol metabolism involves complex regulatory networks, including miRNA-122, miRNA-33, miRNA-144, miRNA-378 and miRNA-9-3p (34) . Among these miRNAs, miRNA-33 may inhibit cholesterol metabolism to maintain cholesterol homeostasis (35, 36) . miRNA-22, which is specifically expressed in liver tissue, accounts for 70% of the total volume of miRNA in the liver tissue and serves to maintain the liver cell phenotype (37) . miRNA-144 has been reported to regulate the level of high-density lipoprotein, promote myocardial cell survival, and reduce ischemia/reperfusion-induced cardiomyocyte injury (38) . In the present study, the expression levels of miRNA-122, miRNA-33, miRNA-144 and miRNA-378 were not significantly different between the UA patients and controls, and thus may not be considered molecular markers of UA. Conversely, miRNA-9-3p, which was significantly differentially expressed between the two groups in the present study, targets the ATP-binding cassette subfamily A member 1 gene, which is a key regulator of cholesterol metabolism, resulting in translational repression or gene silencing at the post-transcriptional level. Therefore, miRNA-9-3p may emerge as a potential novel candidate in the development of miRNA-based therapeutic strategies for UA.
In conclusion, the results of the present study have highlighted a number of circulating miRNAs that may serve as potential candidate biomarkers for the diagnosis and treatment of UA. In addition, the present study provides an experimental basis for further functional studies to investigate the regulatory mechanisms underlying the differential expression of specific miRNAs in UA. The functions and significance of the differentially expressed miRNAs identified in the present study require further investigation.
